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Description 
[0001] 



an animal: in the ecological field to WSe rS^sT^^iT^ ^ ^""^ * ^^''^^ ^ or 

ined consists of pack^^or uJ^cS^JSs *> 

Which IS a funcdcn of 5.e ^lol^cy S^e »«s a gmy value 

pixel value expresses a certain cSi^tio^ *t^2SiS^* J^.' ^^e colours, in which the 

these systen. to distinguish such ^^S^^ ^! ^^^^^^^J^^J^ ^'S^^- «"P'oyed on 
pair of register images of the same obiect each rrf J^VS « P^'^^SBing or the data ertered. which include at least a 

temhavingadiffer^spect^Si?S^eX^«1??d^ 
the radiation has inieZl^^SZZ^l^,!^^^ 

move to determine the co^^fiiToS nSSr^J^"-^^^ "l"^^ albramentioned algorithms 

sarily. can be expressed inTrms^ nl^^l^u^ ^ ^ ~^'™»>^ »^ 

) « i^'opISor^SlM^Ta^S^nS^^^^^ 

^ •^tov^ichattentionmustbepairbTroifeS^m;^^^ 

the composition of the materials '^^^ the use of the algorithms that must extract the information on 

zs defined as a multispectrai signal differences .n the materials so as to be able to generate what is 

said configuration the filter « ^ «P«^al material. In 

ings of the double array of detectore U^fS^^^^.r^^^t spectmm, differentiating the read- 

^ enei^y component of th'e sp^ anJ tK JSJ S di^^ °' '««'- 

component of the spectruni ^na tne array of detectors situated downstream of the filter reads the high-energy 

EosSres^T^^r^sl^ ::rre%^ 

ages. In this way. alternate re^ings SSI^^m^T 1^"^^ T'' °' "^^^ «»- 

as a different speclral quality even at^e oriSrtif fe be^r^ " "^"^ '° '««-"9 
by Ihe detection synchonized y^SSe^^l^^^l^^t^ WS^-energy spectrum Is read 

nized with the low-voltage impTe ' "^-^^W sPectmm is read by the detection synchro- 

r^e.^toL'^e^Tn^^^rnS'S^^r^^ 
« tion/source systems, in which the tZ sou^ cSSiS r^i^»lC-T^ °' ^^"^"^ ^^^^^^^ '^«««'- 

figuration the two arrays of detecto«7t d^^i-wT^ of radiogenic tubes, are fed at different voltages. In said con- 
target produced w«h aT^^i^'SSo'^^*'^-^^^^ 

at high voltage will read the Mgh-eneroy wectrZ whlte.T« con-esponding to the source fed 

voltage will read the low-energj speSn ' corresponding to the source fed at low 

since high-energy photons penet^tSnTo a greats ^ """^ «««« crystal with various layers; 

the otjject explored wHh the rays is reconTt^S^E^^^S^l^l^T "P^*" "^^sltion of 
10010] All the above describ^l kno^^teSues hrur*I!!S^ -'^!^°^^ "'^^'^us layers of the detector, 
o. the Images acquired With s^TX^feS^I^^I^ 

ify, especially when the aim is to exLt iS^h^3tK^^^2^^^^f •^1''^^^ into poor image qual- 
at the origin o, the spectra used topnxluS^^ 

Tsir^^rt:,: rsfaSS r;:rirarbtrris,r ^ '^^^^^^'^^ ^ 

largely overlapping, that ijlhey cS^ s^St ^pm^S^ S^'"' '"'^"'^'^^ are Still 

in the Signal reconstruction stage, the a^Z^in^H^SJ^l ^"^^ °' ^^^'^ Consequently. 
1001 2] The object Of the inverJon is t^^jrhateSj^^STo^^^ the targeted material proves poor' 

lngthequa«tyoftheimages.soastobea«etorw'^«Sr,ir<:;^^ 
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[001 3] This object is achieved in accordance with the invention, wAh the characteristics listed in the appended inde- 
pendent claims. 

[0014] Preferred embodiments of the invention emerge from the dependent claims. 

[001 5] In the device and method according to the invention, the intrinsic correlation between ttie spectra of the signals 
is minimized. In fact, different images are created by making incident on the same taiget X-ray beams obtained by 
selecting appropriately restricted energy bands of the emission spectrum of a beam coming from a radiogenic tube. 
[001 6] In this manner tiie X-ray beams incident on the target not only are of different quality, but also, to ail effects, by 
interacting on the material to be inspected, they test its radio-opadty characteristics at different energies that are well 
separated from each other. 

[001 71 Consequently, the spectra of the signals detected have little correlation, therefore during the signal reconstruc- 
tion stage tiie amount of information on the composition of the material being examined is considerably greater ttian in 
the various cases illustrated with tiie prior art. 

[001 8] The device according to the invention substantially comprise: 

• an X-ray source, such as, typically, a radiogenic tube; 

• at least one device placed between the ray source and tiie object to be examined, able to select exploiting tiie prin- 
ciple of diffraction and/or reflection of X-rays, wavelengths among those contained in the emission spectrum of said 
source within a restricted energy band; 

• means able to detect tiie X-ray signal and tiien form images of an object, such as. for example, solid state detectors 
or ionization chambers: 

computer devices able to control the system cind tiie image acquisition process and to support the software used 
to perform the classification of the materials, as well as any other algorithm necessary to perform the specific appli- 
cation. 

[0019] Furtiier characteristics of ttie invention will be made clearer by tiie detailed description ttiat follows, refen^ing 
to a purely exemplary and ttierefore non-limiting embodiment thereof, illustrated in the appended drawings, in which: 

Figure 1 is a general diagram of tiie device according to tiie invention: 

Rgure 2 is a diagram of the ttiree spectra relating to the ttiree beams a, c in Figure 1 , incident on tiie detectors. 
[0020] A device according to the invention is described with reference to Figure 1 . 

[0021 ] An X-ray source, preferably a radiogenic tube 1 , emits a polychromatic X ray beam 2 or any beam of rays pro- 
duced within a voltage range of 1 40-1 50 kV. 

[0022] The polychromatic beam 2 is mad to pass through a first primary collimator 3 which has three through cavities 
4, 5 and 6 from which tiiree polychromatic t>eams 7, 8 and 9. respectively, can emerge. The X-ray beam 7 Is directed 
on a first crystal monochromator 10. Crystals monochromators are mosaic crystal structures having such a crystal lat- 
tice as to obtain Bragg's diffraction of the incident X-ray beam. 
[0023] Bragg's relation is given by the fornrujla: 



sin 0 = 



J. a 



(1) 



[0024] Where e is the angle of incidence of the X-ray beam, x is tiie wavelength of the X-ray beam, a is the pitch of 
the crystal monochromator lattice and k = (1.2.3, ...) is an integer number that represents tiie order of diffraction. The 
elecb-omagnetic waves of the X-ray bean, are summed constructively in the direction given by Bragg's relation (1) and 

destructively in all other directions. 

[0025] If the crystal monochromator 10 is inclined so as to form an angle of incidence 8, with respect to tiie incident 
beam 7. according to the formula (1), an almost monochromatic, high-energy diffracted beam with a resti-icted band, 
denoted by letter a in the figure, is obtained. 

[0026] The beam 9 is incident on a second crystal monochromator 11, with an inclination 0' different from (greater 
than) the inclination e between the beam 7 and the crystal 10. 

[0027] The angle of incidence 6' is selected so as to obtain a monochromatic low-energy beam c. 

[0028] The beams a, 8. c are made to pass respectively through 3 through cavities 12,13.14 made in a second pri- 
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mary collimator 15. Emergent from the cavity 12 is the high-energy monochromatic beam a; emergent from the cavity 
13 is a polychromatic high-energy beam b; emergent from the cavity 14 is the monochromatic low-energy beam c. 
10029] Said three beams a,6,c are inddent on a conveyor belt 17 on which an object for inspection 18 advances. 
[0030] Beneath the conveyor belt 1 7 is positioned a secondary collimator 1 9, in which there are three through cavities 
20. 21. 22 destined respectively to allow the beans a,b,ciD pass. 

[0031 ] Beneath the cavity 20 is situated a first array of solid state detectors 23. able to detect the high-energy radiation 
coming from the monochromatic beam a, 

[0032] Beneath the cavity 22 is positioned a second anay of solid state detectors 25 able to detect the radiation com- 
ing from the low-energy monochromatic beam c. 

[0033] Beneath the cavity 21 is positioned a third array of solid state d^ectors 24. able to detect the radiation coming 
from the high-energy polychromatic beam b. 

[0034] The output from the arrays of detectors 23, 24, 25 is transmitted, in a substantially known manner, to a multi- 
plex 26 which selects a voltage signal to fransmit to an integrator 27 which can consist of an operational amplifier con- 
figured as an integrator. 

[0035] The Signal emergent from the integrator 27 Is transmitted to a sampfing circuit 28 which can consist of a sample 
and hold circuit 

[0(W6] The analog signal sampled is passed tiirough an image correcting unit 29 which makes a correction to the gain 
variations due to the preceding stages. The signal emerging from the image connector 29 is transmitted to an anolog-to- 
digital converter 30 which franslates the analog signal into a digital signal, then the digital signal is stored in a memory 
31. The signal resident in tfie memory 31 is picked up by a video output circuit 32 where the images to be sent to a mon- 
itor 33 are reconsfructed. 

[0037] This monitor 33 has a phosphor video or a liquid crystal display capable of showing the user the image of the 
object 18 inspected. 

[0038] Computer devices are provided that are able to control the system as a whole and the image acquisition proc- 
ess, and to support tiie software used to can-y out classification of the materials, as well as any other algorittim needed 
to perform the specific application. 

[0039] Figure 2 shows the spectra incident on the an^ays of detectors 23. 24. 25 coinciding respectively with beams 
a. £), c, which have passed through an object 1 8 to be inspected with a thickness equivalent to 1 cm of iron. 
[0040] The specfrum for beam a is shown with a dashed line, the spectrum for beam b witii a solid line and ttie spec- 
trum for beam c with a dotted line. 

[0041 ] In the example shown the primary polychromatic beam b is produced at the voltage of 140 kV. the crystal mon- 
ochromator 10 is oriented so that it selects a diffracted monochromatic beam a with a mean energy of 120 kV and the 
crystal monochromator 1 1 is oriented so ttiat it selects a diffracted monochromatic beam c witii a mean energy of 70 

keV. 

[0042] From Figure 2 it is dear that the spectrum relating to beam a and the spectium relating to beam c have an 

entirely negligible specfral overlap. The conrelatlon therefore being minimum, several items off Infomiation concerning 

the composition of tiie material inspected can be obtained from the reconstruction and processing of the signal. 

[0043] It is dear ttierefr)re that the invention fully achieves the established obiects. 

[0044] Of the tiiree beams aAc. just two are normally suffident to otrtain the desired information. 

[0045] In place of the crystals monochromators 10. 1 1 , equivalent means suitable for determining a diffraction or a 

reflection of the beam of X rays, to obtain beams witti a restricted energy band, can be used. 

[0046] Ukewise. in place of tiie solid state detectors 23. 24. 25 ionization chambers or equivalent means can be used. 
[0047] In practice, tiie invention is not limited to the particular embodiment previously described and illusfrated in the 
appended drawings, but is open to numerous modifications to tiie details, without thereby departing from the scope of 
the invention itself, as defined by the daims that follow. 

Claims 

1- A multienergy scanning device for forming X-ray images and detecting differences in the materials making up an 
object (18). comprising: 

at least one X-ray source; 

collimator means able to direct at least two X-ray beams on the object (18), 

means for detecting tiie X-rays passing tiirough ttie object, arxl 

means for processing ttie signals of said detectors to form the image of ttie object. 

characterized in that between said X-ray source and the object to be examined (18) is interposed at least one 
selector means, able to select exploiting tiie prindple of diffraction and/or reflection of X rays, wavelengttis 
among ttiose contained in the emission specfrum of said source within a resfricted energy band, to generate 
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at least one of said at least two X-ray beams. 

2. A 6&\nce according to claim 1 » In which said at least one X-ray source comprises a radiogenic tube (1). 

3. A device according to claim 1. in which one of said at least two X-ray beams directed on the object (18) comes 
directly from said source (1), and the other from said selector means. 

4. A device according to claim 1 , In which at least two beams of X rays directed on the object (18) come from as many 

selector means. 

5. A de\^ce according to claim 1. in which at least two beams of X rays directed on the object (18) are formed by 
means of a single selector means. 

6. A device according to daim 5, characterized in that means are provided to set said source (1) in motion, and/or 
means to set said selector means in motion and/or to set in motion said means for detecting the rays passing 
through the object. 

7. A device according to any one of the preceding claims, characterized In that said selector means comprise at least 
one crystal monochromator (10, 11). 

8. A device according to claim 7, characterized in that said crystal monochromators (1 0. 1 1 ) are oriented with respect 
to said X>ray source (1 ) according to the energy of the beam to be selected. 

9. A device according to claim 1 , characterized in that said means for detecting the X rays passing through the object 
comprise at least one linear array of solid-state detectors (23, 24, 25). 

10. A device according to claim 1 , in which said means of detecting the X rays passing through the object comprise 
ionization chambers. 

1 1 . A device according to any one of the preceding daims. characterized in that the spatial location of said X-ray detec- 
tors is correlated to the mean energy of the X-ray beam. 

12. A device according to any one of the preceding claims, characterized in that said object (18) advances on a con- 
veyor belt (17). 

13. A multienergy scanning method for forming X-ray images and detecting differences in the materials making up an 
ot^ect (18). consisting in irradiating said object (18) wrtti at least two beams of X-rays, at least one of which is a 
restricted energy barxi obtained by selecting, through diffraction and/or reflection, wavelengths among those con- 
tained in the emission spectrum of an X-ray source, the rays passing through the object to be examined being inter- 
cepted by detector means and processed to form the image of the object. 

14. A method acconding to claim 13. characterized in tiiat it provides for the formation of a plurality of beams with a 
restricted energy band, so that the images acquired of the object to be e)camined are assodated with progressively 
increasing or decreasing mean energy values of the beam, such as to achieve a sanrpDng of the absorption prop- 
erties of the material at different energies. 

1 5. A method according to claim 1 3 or 1 4. characterized in that said beams with a restricted energy band are generated 
by means of the movement of the X-ray source and/or the movement of the diffraction and/or reflection means, 
and/or the movement of the means for detecting the X rays passing ttirough the object. 
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